Summary. Analysis of ovaries from 31 women with normal ovarian function permitted study of the diameter of the largest healthy and atretic follicles during the menstrual cycle. The follicle destined to ovulate is selected during the early follicular phase (Days 1\p=n-\5).Throughout the cycle the diameter of the largest healthy follicles, with the exception of the dominant follicle, did not exceed, on average, 6 mm during the follicular phase and 4 mm during the luteal phase. Consequently, excluding the dominant follicle during the second half of the follicular phase, the largest follicles present in the human ovary are atretic.
Introduction
Recent experimental studies of folliculogenesis, primarily in monkeys, have enabled considerable progress to be made in our understanding of the intricate mechanisms governing this process in primates (for review see Hodgen, 1982) . In the rhesus monkey (Goodman, Nixon, Johnson & Hodgen, 1977) and in women (Nilsson, Wikland & Hamberger, 1982) , ablation of the follicle destined to ovulate or of the corpus luteum of the cycle at the start of the luteal phase is followed by a new ovulation about 2 weeks later. This interval, identical to the duration of the follicular phase, has been considered essential for the recruitment of a new dominant follicle and its growth to ovulatory size. However, the experimental observations require further investigation because there is no information on the size of those follicles from which the new dominant follicle is recruited.
In an attempt to solve this question, and determine at which moment in a normal cycle the dominant follicle may be identified, the evolution of the diameter of the largest healthy and atretic follicles during the human menstrual cycle has been analysed. Materials and Methods Sampling. Ovaries were obtained during gynaecological surgery (ovariectomy for carcinoma of the breasts or cervix, hysterectomy for fibroids). They were fixed in Bouin's fluid or a mixture of alcohol, formaldehyde and acetic acid, processed by routine histological methods and then serially sectioned at 10 µ . cycles, confirmed by the presence of corpora lutea at various stages of degeneration. After verification of these criteria, 31 sets of samples were retained for study, coming from patients aged between 19 and 49 years (mean ± s.d. = 38-9 ± 7-5 years).
Determination of the cycle day. Healthy follicles were distinguished from atretic follicles on the basis of 3 previously described criteria (Gougeon, 1979) : mitotic and pycnotic indices of the granulosa cells, morphological aspect of the oocyte and shape of the follicle.
The statistical significance of the observed differences was determined by paired t tests and Student's t tests as appropriate.
Results
Evolution of the diameter of the largest healthy and atretic follicles during the cycle During the first half of the cycle, the largest healthy follicle developed in a continuous manner (Table 1 ) and the diameter of this follicle was significantly greater than that of other large healthy follicles in the ipsilateral or contralateral ovaries (P < 0-01).
The diameter of the largest healthy-non-dominant follicle (Table 1) in the ipsilateral or contralateral ovaries varied little with the stage of the cycle, usually being between 3 and 5 mm except in the late follicular phase when it fell from 4-20 ± 0-50 (Days 6-10) to 1-90 ± 0-45 mm (Days 11-14) (P < 001).
During the follicular phase and early luteal phase, atretic follicles with a diameter greater than 9 mm were often seen (Table 1) , usually in the contralateral ovaries. In the mid-and late-luteal phases the diameter of the largest atretic follicles did not exceed 6 mm. Therefore, excluding the follicle destined to ovulate during the second half of the follicular phase, the largest follicles present in the human ovary during the cycle were atretic.
Early identification of the dominant follicle During the early follicular phase the mean size of the largest healthy follicle was significantly greater than the second largest healthy follicle in the same ovary, and also greater than the largest healthy follicle in the contralateral ovary (P < 0-01). However, except for its size, the largest healthy follicle was not morphologically different with respect to vascularization and theca interna or granulosa layers from other large healthy follicles. The first changes in the follicular histology (n = 5) (n = 6) (n = 4) (a) Largest healthy follicle Ovulatory " 6-9 ± 0-5 13-3 ± 1-2 18-8 ± 0-5 3-4 ± 1-2 2-6 ± 11 2-8 ± 0-8 Contralateral *4-2 ± 0-4 f3-9 ±0-6 tl-2 ± 0-6 2-8 ± 0-9 2-5 ± 0-4 41 ± 0-8 (b) Second largest healthy follicle Ovulatory *3-5 ± 1-0 *5-8 ± 1-2 f2'4 ± O'7 2-2 ± 0-7
1-2 ± 0-5 1-2 ± 0-5 Contralateral 2-8 ± 0-7 3-3 ± 0-7 1-0 ± 0-7 1-2 ± 0-2 0-6 ± 0-1 2-3 ± 0-9 (c) Largest atretic follicle Ovulatory 7-0 ± 1-2 5-0 ± 10 5-2 ± 0-7 3-2 ± 1-1 5-0 ± 0-7 3-9 ± 0-5 Contralateral 50 ± 0-8 8-0 ± 1-7
7-4 ±4-1 To determine the stage of the menstrual cycle when the selection of the follicle destined to ovulate is made, the mitotic index and diameter of the 3 largest healthy follicles present in the ovaries were examined in the late-luteal phase, and then in the early-and mid-follicular phases (Text- fig. 1 ). In the late-luteal phase there was a significant difference (P < 0-01) in size between the two largest healthy follicles. Examination of the mitotic index, however, revealed that the largest follicle could not always be considered as the chosen follicle, because some smaller follicles had a significantly greater mitotic index (P < 0-05) (Text- fig. 1 ). However, during the early follicular phase there was a significant difference (P < 0-01) between the diameters of the two largest follicles, and the largest follicle could be considered as selected since no smaller follicle had a significantly greater mitotic index (Text- fig. 1 ). During the mid-follicular phase the difference in size between the two largest healthy follicles remained significant (P < 001 and < 0-001). In 3 women (Text- fig. 1 ) the third largest healthy follicle showed a mitotic index significantly greater than that of the 2 larger follicles (P < 001 and < 0-001). However, the size attained by the largest follicle, and the start of the morphological changes affecting its thecal vascularization and the theca interna and granulosa layers, suggested that it was indeed the dominant follicle and would ovulate several days later. (Gougeon, 1982) , there is a little doubt that this follicle is indeed that destined to ovulate. The selection of the dominant follicle therefore seems to take place earlier in women than in cynomolgus monkeys (di Zerega & Hodgen, 1980a) . The observed evolution of the size of the dominant follicle during the follicular phase is in agreement with the morphological and endocrine results from other workers. In the early follicular phase, detectable levels of FSH and high oestradiol-17ß concentrations were found only in one follicle, the diameter of which varied between 4 and 6-5 mm (McNatty, 1982) . It was during the mid-follicular phase that the concentration of oestradiol-17ß was much higher in venous plasma draining the ovary containing at least one large follicle (> 1 cm) than in that draining the ovary containing only small follicles (Baird & Fraser, 1975) , and the concentration of this steroid in peripheral blood began to rise (Diczfalusy, 1977) . As aromatase activity in the human follicle develops from the 9 mm diameter stage (Hillier, Van den Bogaard, Reichert & van Hall, 1980) , this pattern of secretion agrees with the morphology described between Days 6 and 10. At this point in the cycle the dominant follicle is 13-3 ± 1-2 mm in diameter, such values being similar to those seen by Hackelöer, Fleming, Robinson, Adam & Coutts (1979) who identified a follicle of 11-5 ± 1-1 mm diameter by ultrasound 5 days before the LH peak.
In the late follicular phase the largest healthy follicle showed all the histological characteristics of a preovulatory follicle as described by Bomsel-Helmreich et al. (1979) . During the same period the mean diameter of the largest healthy non-ovulatory follicle decreased significantly. Whether such a decrease is due to a direct (di Zerega & Hodgen, 1980b) or an indirect (Zeleznik, 1981) effect of the dominant follicle remains to be elucidated.
The use of the mitotic index of the granulosa cells allowed better determination of changes affecting the population of follicles from which the dominant follicle would be recruited. The chosen follicle, seen in the early follicular phase, was certainly recruited from the healthy follicles of 2-5 mm diameter present in the late-luteal phase. At that time the high level of mitotic activity in some follicles, leading to a very rapid development, suggests that, amongst the follicles of similar size present at the end of the cycle, some were more suitable for further development than others.
The interval separating the stage of development attained by follicles in the late-luteal phase (2-5 mm) and ovulation is about 2 weeks (Gougeon, 1982) . Unlike that in cows (Rajakoski, 1960) and ewes (Brand & de Jong, 1973 ) the human ovary does not contain a follicle able to replace the dominant follicle in a few days should it disappear because the largest healthy follicles at such a moment are only 3-6 mm in diameter. This observation explains the results from the rhesus monkey (Goodman et al., 1977) and man (Nilsson et al., 1982) , species in which the destruction of the preovulatory follicle or the young corpus luteum of the cycle is followed by a new ovulation approximately 2 weeks later. Nilsson et al. (1982) found in 5/6 women in which the dominant follicle was excised and in 6/10 women in which the corpus luteum was removed a new ovulation occurred in the ipsilateral ovary. As shown in Table 1 , it is considered that in the late-follicular phase the largest healthy follicle, excluding the dominant follicle, is situated in the ovulatory ovary. The same situation exists in the early-luteal phase, although the difference in size between the largest healthy follicles in the two ovaries seems negligible.
A further notable aspect of the present study is the demonstration of an increased number of large healthy follicles in the early-follicular phase. During this stage of the cycle the follicle destined to ovulate is distinguished by its significantly greater size although the diameters of the unselected follicles (3-5 mm) indicate their advanced stage of development. The usual protocols for ovulation induction using injected gonadotrophins at the start of the cycle often lead to multiple ovulations. At timed laparoscopy after repeated injections of hMG from the 3rd and 5th days of the cycle 74% of women show 4-6 follicles of > 17 mm diameter (J. Testart, personal communication). Such therapy also leads to multiple pregnancies (Gemzell, Roos & Loeffler, 1966) . It is therefore likely that a gonadotrophin injection at the beginning of the cycle would allow healthy unselected follicles, which would become atretic in a normal cycle, to achieve a stage of maturity that enables them to respond to a preovulatory LH discharge and then ovulate. Under these conditions one might consider that the number of follicles with the opportunity of ovulating after gonadotrophin treatment administered at the start of the cycle is proportional to the number of healthy 3-5 mm follicles actually present. Therefore, there is probably no rescue of atretic follicles by gonadotrophins in the human ovary, contrary to findings in other species (sheep : Hay & Moor, monkey (Goodman & Hodgen, 1979) ), would suggest that follicular development and its regulatory mechanisms may be different in monkeys and man.
